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President-Sir GORDON GORDON-TAYLOfc, K.B.E., NOV 17 1952 [June 5, 1952] Modern Views on the Prevention of Tetanus in th By Brigadier A. SACHS, C.B.E., M.D., M.Sc., Q.H.P. THE Army Pathology Advisory Committee has recently recommended that wounded soldiers who have been actively immunized should be given a dose of tetanus toxoid and not tetanus antiserum as has been the practice previously. The recommendation has been accepted and this paper will discuss the development of prophylactic immuhization against tetanus from 1914 to the present day, including the findings of investigations carried out during 1951 which have led to the change in British Army Policy.
THE WAR OF 1914-18: PASSIVE SERUM PROPHYLAXIS AGAINST TETANUS (HISTORY OF THE GREAT WAR, 1923) On the outbreak of war only small quantities of prophylactic tetanus antiserum were available, since the experience of the South African and Russo-Japanese wars had suggested that tetanus was unlikely to be an element of great importance. As a result, the incidence of tetanus in the wounded was over 8 per 1,000 during the early months of the war-an incidence similar to that recorded for the Northern theatre in the Franco-German War of 1870-71. Great efforts were made by the War Office to provide serum on a scale sufficient to ensure a prophylatic inoculation for every wounded man. By the end of November ample' supplies were available and the incidence of tetanus fell to 'about 1 per 1,000, when all at risk were given prophylactic treatment. The average incidence of the disease on the Western Front during the four years of war was 1P47 per 1,000.
Nearly all the antiserum used was obtained from British and American sources, standardized in terms of the United States unit (the equivalent of the International Unit 1950) and issued in glass phials which contained 10 ml. of antiserum (= 1,500 units). Each patient usually received 500 units which was the dose recommended by the War Office Tetanus Committee to be given as soon as possible after wounding.
In order to reduce the incidence of tetanus still further, the Director-General, Army Medical ,-,Services in France, in 1916, recommended the larger dose of 1,000 units for lacerated wounds. In June 1917 instructions were'issued that four prophylactic inoculations should be given at intervals of seven days. In June 1918, Sir William Leishman, Adviser in Pathology in France, recommended that the initial prophylactic dose should be increased to 1,500 units in order to prolong the period of high concentration in the blood. Sir David Bruce, however, maintained that 500 units was adequate if subsequent doses could be guaranteed. On the cessation of hostilities the data available was insufficient to permit the drawing of any conclusions. The recommendations made by Leishman and Bruce form the basis of modem passive prophylaxis against tetanus. The value of passive prophylaxis in tetanus may be assessed from the following observations: (a) The rapid reduction in incidence from 8 per 1,000 during the first months of the war to 1 per 1,000 after the giving of antiserum to all at risk (see above).
(b) The reduction in mortality, consequent upon the increased incubation period. An interesting result of the use of prophylactic antiserdm was the change in type of tetanus seen to "local tetanus" which rarely occurred prior to 1914 and during the early months of the war. During the rest of the war "local tetanus" occurred as a relatively common phenomenon.
The high value of passive prophylaxis would appear to be the outstanding fact of the history of *tetanus in the European War of 1914-18.
THE INTER-WAR YEARS: DEVELOPMENT OF ACTIVE IMMUNIZATION AGAINST TETANUS
The principle of active immunization is the establishment of basal immunity by means of prophylactic inoculations, with the result that adequate circulating antitoxin is available for many years; this basal immunity can be reinforced by a subsequent stimulation.
OCT.-UNIT. SERV. 1 Ramon and Zoeller (1927) showed that active immunity to tetanus could be established by injections of formol toxoid. This discovery was confirmed in 1938 in the Vaccine Department of the Royal Army Medical College by Major (now Brigadier) Boyd (1938) workingwith Dr. R. A. O'Brien of the Wellcome Research Laboratories. These experiments proved that inoculation with two doses of I ml. of potent tetanus toxoid given at an interval of six weeks established satisfactory basal immunity and produced a concentration of antitoxin in the serum above the level of that believed necessary to confer protection against tetanus. It was also found that neither tetanus toxoid nor toxoidantitoxin floccules produced a general or local reaction.
As a result of these findings active immunization against tetanus was officially introduced in 1938 in the British Army. THE WAR OF 1939-45: ACTIVE IMMUNIZATION AGAINST TETANUS Active immunization against tetanus was used as a routine measure in the British and American Armies. There were, however, some differences in the technical procedures adopted of which the following illustrate the main features. Method of Immunization in the British Army (Boyd, 1946) (a) From 1938 to January 1941, active immunization against tetanus was by inoculation with two doses of1 ml. of tetanus toxoid given at intervals of six weeks.
(b) In January 1941 a further inoculation was added, making a total of three doses, each at an interval of six weeks.
(c) In November 1942 instructions were issued for an annual "boosting" dose of1 ml. to all troops. When wounded, any man who had not been actively immunized was given three doses of 3,000 international units (1928) of antitoxin at weekly intervals. Actively immunized men were given a single dose of 3,000 units as soon as possible after wounding. (a) From 1941 immunization was carried out by giving to all military personnel a series of three subcutaneous injections of 1 ml. of tetanus toxoid at intervals of three weeks. A "routine" stimulating injection of1 ml. of toxoid was given one year after completion of primary inoculation.
Method of Immunization in the United States Army
(b) From April 1941 until September 1944, when it was discontinued as unnecessary, a stimulating dose of toxoid was given to all individuals on proceeding to a theatre of war, if their departure was more than six months after their primary or last, stimulating inoculation. An "emergency" stimulating dose was given to all personnel who were wounded, severely burned or received other injuries. A dose was also given on the manipulation of old wounds considered to have beenpotentially contaminated with Cl. tetani. The use of tetanus antitoxin was reserved for treating cases of clinical tetanus and for the passive immunization of non-immunized men with tetanus-prone wounds or injuries.
The noteworthy difference between the procedures adopted by the British and American Forces was that while the British gave tetanus antitoxin on wounding, the Americans gave an "emergency" stimulating dose of tetanus toxoid.
Comparison of the British and American Experiences
The incidence of tetanus in the African and European Theatres has been analysed and discussed by Boyd (1946) and that in the United States Army by Long and Sartwell (1947) .
Of the 103 cases of tetanus collected by Boyd, the total number occurring in battle casualties was 35; 18 cases developed in non-battle casualties. The remaining 50 cases were in partisan troops or prisoners of war. Of the 12 cases of 4etanus known tQ have developed in the Army of the United States, only one resulted from a battle wound. Details of the relative incidence, state of protection and mortality are given in Tables I, II and III. The value of active immunization against tetanus may be assessed from the following observations: (a) Comparing the incidence per thousand on the Western Front during 1914-18 war with that in the BEF 1939-40 and BLA 1944 45, a considerable reduction from the 1914-18 figure to the more recent figures is seen. The incidence in the BEF where men had only their basal immunization by two doses was 0 43 and in the BLA after the introduction of annual boosting doses the incidence fell to as low as 0-06.
(b) The extremely low incidence of tetanus in the American Army supports the value of active immunization, particularly when reinforced with regular booster doses and an "emergency" stimulating dose at the time of wounding.
(c) The mortality rate for protected men in both the British and American cases of tetanus is the same, i.e. 50% (Table IIl) . But the case mortality rate was lower in the small series of actively immunized men who had also received tetanus antiserum.
Active immunization would certainly appear to be the outstanding factor in the reduction of tetanus to negligible proportions in the British and American Armies during the war of 1939-45.
THE POST-WAR PERIOD
Active immunization was discontinued after the cessation of hostilities in 1945, but as the international situation had deteriorated, was reintroduced in 1949 (September). The object of this was twofold-firstly to ensure that troops proceeding to areas of active operations would be adequately protected, and secondly to ensure that men would have their basal immunization carried out during their national service, in order to build up a section of the community whose immunity could be readily reinforced by a booster dose of toxoid, should they be required for service in the event of a national emergency.
Instructions were issued that the prophylactic procedures used in the British Army during the last war would be continued as an interim measure. But unless in an area of active operations, reinforcement would be carried out every five years by means of a single booster injection.
There are certain objections to the administration of an antiserum prepared from horses: there is an ever-present risk of reactions due to hypersensitivity, which necessitates taking special precautions that are neither desirable nor always possible under active service conditions, and the unnecessary OCT.-UNrr. SERV. 2 tying up of large stocks of antiserum is uneconomical. The results obtained in the American Army by the use of an "emergency" stimulating dose of tetanus toxoid on wounding or injury, appear to indicate that the prophylactic use of tetanus antitoxin is unnecessary in actively immunized subjects.
Boyd (1946) considered that the weightiest argument in favour of antitoxin as opposed to toxoid, was that the former afforded some protection to the non-reactor, the poor reactor, and to those whose circulating antitoxin had dwindled in the course of time, none of whom could gain immediate benefit from a dose of toxoid.
Before reaching a decision as to whether tetanus toxoid or tetanus antiserum should be given to the actively immunized soldier on wounding, the Army Pathology Committee considered it essential that certain investigations should be carried out on volunteers. Once again the assistance of the Wellcome Research Laboratories was sought, and Miss M. Barr kindly agreed to collaborate. She undertook to carry out the numerous antitoxin estimations involved in the investigation and to correlate the findings. Dr. H. J. Parish arranged to prepare a tetanus antitoxin containing 500 I.U. (1950) for use in the investigations.
The instructions for carrying out the different investigations were issued in October 1950. To ensure that random samples were obtained and that too great a load was not put on any particular unit, it was arranged to ask for R.A.M.C. volunteers from the larger hospitals and medical units in the United Kingdom, Middle East and Germany. The response was satisfactory and it was possible to complete nearly all the investigations planned.
These investigations were primarily designed to obtain data on the following points: (a) the level of circulating antitoxin in men immunized five or more years ago; (b) the effect of reinforcing injections of tetanus toxoid on men previously immunized; and (c) the effects of combined active and passive immunization on the titre of circulating antitoxin.
It is difficult to make an accurate assessment of the protective value of the circulating antitoxin, since the level necessary to protect against the development of clinical tetanus is unknown, and would be expected to vary according to the nature and site of the wound. Presumptive evidence may possibly be obtained from the titre of the circulating antitoxin following a prophylactic inoculation. It has been shown that during the war of 1914-18, a single injection of 500 units of antitoxin reduced the incidence of tetanus eightfold.
After an intramuscular injection of refined horse antitoxic serum it has been found that the distribution and subsequent elimination of the antitoxin can be divided into phases:
Phase A when the antitoxin is being distributed: the highest titre is reached in twoto four days.
Phase B commences after the third day when there is a steady exponential loss.
Phase C when there may be a rapidly accelerated loss due to precipitin formation in a subject who has received a previous injection or injections of antiserum prepared from the horse. This may commence at any time after the injection. I am indebted to Miss Barr for the figures given in Table IV . From the data available about the practical value of a single prophylactic injection of antiserum. it may be presumed that the protective power of a circulating antitoxin titre of 0-1 unit in an actively immunized individual would be at least equal to that of the 0 -unit expected to be present seven days after a prophylactic injection of antitoxin. This titre will be taken as the baseline when assessing the results of the following investigations.
Investigation to Determine the Titres of Circulating Antitoxin in Subjects who had been Actively Immunized against Tetanus Five or More Years Ago, and who had Since Received Neither Tetanus Toxoid nor Antiserum During the investigation it was found necessary to widen the scope and include any volunteers with a history of previous immunization. These pre-injection titres form the basis for assessing the effect of the booster dose of toxoid.
The results of this investigation are given in Tables V, VI and VII (the two latter were compiled from data supplied by Miss Barr). Long and Sartwell (1947) and Baird (1949) and the findings of the present investigation.
From Table V it will be noted that there is relative agreement between British and American figures. In this group of 94 subjects, 19 show a titre of <0 1 unit per ml.-6 out of 31 are British and 13 out of 63 American.
For the one-to five-year group corresponding figures are: British 3 out of 20 and American 10 out of 55. The only subject in the series failing to show the presence of detectable antitoxin was a British soldier. He had received the primary course of two inoculations in 1938 and no subsequent boosting dose until 1949. It would appear that eleven years is too great an interval between primary immunization and the reinforcing dose.
In addition to the 31 men who had received one or more boosting doses of toxoid after the primary course of two injections, there is a further group of 65 men who had received the primary course of two injections only. The pre-injection titres of these two groups are considered in Table VI . Long and Sartwell (1947) . B = Baird (1949) . A = Army (195 1). These figures emphasize the importance of regular reinforcing doses to increase and maintain a high titre of circulating antitoxin.
The proportion of men with very low titres was unexpectedly higher among those in the five-to twelve-months group than among those immunized one to five years previously. An analysis of the immunization history of men immunized between seven to twelve months previously is given in Table VII . -~~~~~* K 21 days 9, and between 21 and 27 days 5.
These findings confirm previous observations made by Boyd (1938) that the most satisfactory interval between the first and second doses of toxoid is six weeks and that unless this interval is adhered to, primary immunization may be unsatisfactory.
From the distribution of the pre-injection titres given in Tables VI and VII, it would appear that a primary course of two injections of tetanus toxoid is insufficient to provide satisfactory protection for the bulk of the population.
Investigationl to Determine the Effiect of Reinforcing or Booster Doses of Tetanus Toxoid on the Circulating Antitoxin Volunteers were selected from men receiving their third dose of toxoid after primary immunization by two doses seven to twelve months earlier. A second group was selected from those who had had one or more boosting doses previously, and were due to receive a booster dose of toxoid. Samples of blood were taken before the injection and on the fifth, tenth and 56th days afterwards.
The findings in the main confirm the observations made by the other observers referred to in this paper. From the practical point of view the results can be summarized as follows:
(1) The majority of subjects who had received their primary immunization or a boosting dose within five years showed some measurable response by the fifth day after injection.
(2) The five-day titre might be below 0 1 unit in some men who were given a third dose of toxoid in order to complete their initial course of immunization between seven and twelve months after the two primary injections.
(3) Inz previously immunized men there is a marked increase in the titre of the circulating antitoxin occurring between the fifth and tenth days after injection. This is considerably greater than that occurring between the time of injection and the fifth day.
(4) There is strong evidence that an unsatisfactory primary course of two injections, e.g. when the interval is shorter than six weeks, might adversely affect the response to the third dose of toxoid. The fifty-sixth-day titres particularly emphasize the unsatisfactory response to a subsequent injection, when the first two doses of toxoid are given at an unduly short interval.
(5) The greater number of stimulating doses received, the more satisfactory and more lasting the immunity produced.
Investigation to Determine the Effects of Combined Active and Passive Immunization on the Titre of Circulating Antitoxin Two groups of volunteers were required for this investigation: Group A: Men not previously immunized.-These men were given an injection of 1 ml. tetanus toxoid and 500 units of tetanus antiserum in opposite arms at the same time. A second dose of 1 ml. of tetanus toxoid was injected six weeks later. Blood samples were taken prior to inoculation and on the fifth, eleventh, and fifty-sixth days (i.e. fourteen days after second dose) after the first injection.
Grouip B: Men with a history of previous immunization.-These men were given, wvhen due, the normal booster dose of 1 ml. of tetanus toxoid and 500 units of tetanus antitoxin in opposite arms at the same time. Blood samples were again taken before the inoculation and on the fifth, eleventh and fifty-sixth days after the injection.
The object of this investigation was to obtain an indication of the response (circulating antitoxin) when wounded men receive both toxoid and antitoxin.
Group A: Men not previously immunized.-Since it had been shown previously that there could be no response to the first injection of toxoid by the eleventh day, it was assumed that the level of circulating antitoxin on the fifth and eleventh days could be regarded as due to the tetanus antitoxin. Of the 26 men in this group 6 showed an accelerated elimination-there was no detectable antitoxin (< 0 005 unit). Omitting these six men the mean titres for the twenty men were,:
Five days-0 0544 unit per ml. Eleven days-0-0250 unit per ml. None of the men in this group could recall having had previous injections of serum. 3 stated that they had had diphtheria in infancy and it is possible that antitoxin may have been administered then. Of these 3 men one had eliminated all the antitoxin by the eleventh day. No case of serum sickness occurred in this investigation.
The titres of the fifty-six-day samples of this group were compared with controls who had only received the two injections of tetanus toxoid at an interval of six weeks. The comparative findings are given in Table VIII . It is evident from this table that the response given by subjects in the group receiving antitoxin is not as satisfactory as the response shown by the controls. It appears that an injection of antitoxin given at the same time as the first injection of tetanus toxoid resulted in some form of interference. This mightin part be due to neutralization of the toxoid by antitoxin during and after absorption.
Group B: Men with a previous history of immunization.-This group was intended to be representative of those men who had received an earlier course of active immunization, but in whom circulating antitoxin may be insufficient to afford complete protection and for whom combined active and passive immunization might be used. It was found that by the fifth day, out of 23 subjects in this group, 16 had a definite and significant rise above the pre-injection titre of the circulating antitoxin (these increases being outside the limits of experimental error), three showed a probable rise, three had no -response and one showed a slight but definite fall in titre. In this case active interference, due to precipitin formation (assumed), occurred early. By the tenth day after combined injections of toxoid and antitoxin the passive titre would have fallen considerably, and all men would be expected to show an active response to the stimulus of the toxoid. This in fact did occur, and in the samples taken nine to twelve days after injection, no subject in a group of 27 men had a titre below 1 unit and 18 ranged from 10 to 100 units per ml. Of 5 men with ten-day titres between I and 5 units per ml. 3 had received previous serum treatment.
These findings differ from those of the non-immunized group, and would appear to indicate that no inhibitory action would normally be expected to occur from the administration of antitoxin at the same time as toxoid in immunized men.
Observations.-(I) When the results of these investigations are considered it appears that the optimum distribution of antitoxin titres in the majority of the population will be obtained when the following conditions are fulfilled:
(a) The primary course shall consist of two injections of 1 ml. of tetanus toxoid spaced by not less than six or more than twelve weeks.
(b) The third injection shall be given between six and twelve months after the second injection. These three injections are necessary to ensure the development of a satisfactory BASAL IMMUNITY which can be reinforced by means of booster doses. Unless the third injection is given, a primary course of two injections will only ensure satisfactory titres of circulating antitoxin for approximately six months.
(c) A reinforcing (booster) dose of I ml. of tetanus toxoid shall normally be given every five years to ensure that immunity is maintained. However, when there is a risk of wounding or injury in known tetanus terrain a booster dose shall be given annually.
(d) Since it has been shown that the administration of antitoxin at the same time as the first injection interferes with the development of active immunity, any man receiving antitoxin at the same time as his first injection must be completely re-immunized.
(2) It now remains to be considered what further prophylactic treatment, if any, should be given to the wounded or injured man, who has been actively immunized. From the figures given in Tables  I, 1I and 11I, it can be seen that there was an eightfold reduction in the incidence of tetanus in the British Army during World War I following upon the administration of prophylactic antitetanus serum on wounding. The incidence was further lowered by the use of active and passive prophylaxis in World War II. In the American Army where tetanus toxoid was given on wounding or injury, the incidence was considerably less than that in the British Army.
(3) Before forming any conclusions the facts presented above should be considered in relation to tetanus prone wounds and the incubation period.
(a) Tetanus prone wounds.-When wounding occurs in known tetanus terrain, it has been found that the incidence of tetanus is related to the site of injury.
It can be seen from Table IX that the incidence of tetanus is highest in wounds of the lower extremity.
(b) Incubation period.-In the war of 1914-18, prior to the use of prophylactic antiserum, the peak of the incubation period was on the eleventh day; after the introduction of prophylaxis the incubation period was markedly increased-most cases occurring after the thirty-fifth day. But in the war of 1939-45, the average incubation period in the actively immunized British and American wounded was under ten days. In actively immunized men who had received prophylactic antiserum it was, however, much longer.
The relationship between the elimination of tetanus antitoxin, the response to a booster dose of tetanus toxoid and the incubation period of tetanus are shown in Fig. 1. (4) From a consideration of the facts outlined above it would appear that most of the evidence is in favour of giving a reinforcing dose of tetanus toxoid in preference to prophylactic antiserum, to the actively immunized wounded or injured man as soon as possible after wounding. This will in future be the policy of the British Army.
(5) The administration of tetanus antitoxin may still be necessary after wounding in known tetanus terrain in the following circumstances:
(a) When there is definite evidence of no previous active immunization.
(b) Where there are multiple injuries or where there is considerable delay between wounding and surgical attention.
The surgeon first carrying out definitive surgery should decide whether or not antitetanus serum is required. I must thank those officers who co-operated in the investigation by arranging to give injections and take blood samples, and those officers and men in the R.A.M.C. who acted as volunteers and finally, I must pay especial tribute to Miss M. Barr without whose assistance this investigation would not have been possible and to her assistant Mrs. F. Blackman.
Brigadier J. S. K. Boyd: Although Brigadier Sachs has covered this subject very fully he has asked me to elaborate two points in rather more detail.
An alum-precipitated toxoid is now used by the U.S.A. forces and it may be asked why we prefer the liquid formol toxoid. The answer is that we know from experience that formol toxoid gives satisfactory and reliable results. It gives no reaction, it is relatively easy to prepare and it is not expensive. Alum-precipitated toxoid is liable to cause local reactions. It is the type of inoculum which might in certain circumstances stimulate the development of a localized poliomyelitis in the same way as does diphtheria A.P.T. The response is slower and it is thus less suitable for administration, instead of antitoxin, when a man is wounded. Finally, it is more difficult to prepare than formol toxoid and hence more expensive. On balance there appear to be no good reasons for making a change, and several for preferring plain formol toxoid. Boyd (1946) . The second part of the graph is reproduced by courtesy of the Editor of the Lancet'.
TETANUS IN
During the war it was our policy to give every wounded man a dose of tetanus antitoxin. Our American colleagues, on the other hand, gave tetanus toxoid. The decision to give antitoxin was reached after careful deliberation. It was assumed from the experimental evidence available that a substantial degree of basal immunity would be present in every actively immunized man. This would be stimulated, by the toxin from the tetanus-infected wound, to produce fresh antitoxin which would reach a peak about the tenth day (later experimental work by Zuger et~al., 1940 and 1942 , confirms that this is so). On the other hand, the initial level of circulating antitoxin, required for immediate protection, might be low. The critical period, therefore, lay within the first ten days, and this gap could best be covered by antitoxin which affords immediate protection. A dose of toxoid, although likely ultimately to give a higher antitoxin level than would toxin from the wound, provides no additional protection for at least five days. Further reasons for giving antitoxin rather than toxoid were that some wounded men might not be actively immunized-a fact which under battle conditions might well escape notice-and secondly that severely shocked men might not produce antitoxin as rapidly and as freely as the normal volunteers used in the experiment. The U.S.A. authorities based their policy on the assumption that a booster dose of toxoid would give effective protection from about the fifth day. They were doubtful if toxin from the wound would be an effective stimulus.
The incubation periods of reported cases of tetanus in the British and American forces are shown in Fig. 1 . These confirm the deduction that the danger period lies in the first ten days after wounding, and show that fulminating tetanus may develop within five days of infection. (It is rather curious that, of the 6 cases of tetanus in actively immunized men in the American Army, only 1 occurred in just under 600,000 battle casualties, while 5 were in non-battle casualties, which must have totalled only a fraction of this number.)
Based on the experience of the war, my personal views on tetanus immunization in the Armed Forces are as follows: (1) Optimum protection is afforded by active immunization reinforced by repeated booster doses of toxoid. The occurrence of a rare fulminating case of tetanus in a community immunized in this way is a risk which cannot be avoided and must be accepted in its proper perspective.
(2) Antitoxin is the logical auxiliary protection to offer to the actively immunized wounded man, but routine administration cannot now be regarded as justifiable.
(3) Toxoid given to the wounded man can do no harm, will produce enhanced protection after the fifth or sixth day and will do some lasting good by tuning up his active immunity. I can, therefore, agree with the decision to give toxoid instead of antitoxin to the actively immunized soldier who has been wounded, but only because there is good reason to believe that neither is necessary and because toxoid is readily available and its administration will be of permanent benefit to the man. I still consider that, with the information we had at the begining of the war, the decision then made to give antitoxin was thericrht nnp Italian Campaign, 9 died. A further 22 were recorded amongst other nationalities treated in British Hospitals, of whom 10 died. 11 of those were in Germans, of whom 7 died. Some 80 civilians die annually from the disease in this country. It may be remarked here that a soldier on active service, being protected by immunization, stands a better chance of freedom, and, if attacked, of recovery, than does the unimmunized civilian in total war. The mortality in peacetime is about 50 %-though there is some evidence of improvement here.
In short, we have an effective preventive, but no effective curative.
A large number of severe wounds sustained in a highly cultivated terrain are contaminated by B. tetani. The latter will not necessarily infect the wound, however, unless circumstances are propitious for them. Circumstances favourable to bacterial infection and growth are: tension within the tissues due to absence of free egress of the products of injury; impoverished blood supply; dead and devitalized tissue; and the presence of other infections-particularly the B. welchii-which will flourish under like conditions. It is the surgeon's role to ablate these unfavourable circumstances, and at the earliest possible time after wounding. This timefactor will always be uppermost in the minds of those whose responsibility it is to site Field Surgical Units.
The object of the actual operation-which has been variously called wound excision, wound revision, wound toilet, d6bridement-is not to sterilize the wound-that would be unreasonable-but to make it unfavourable, even hostile to would-be bacterial invaders. The concept of surgery is biological rather than bacteriological When all is said and done, the best defence against infection is the body's natural response, and the role of surgery is to give those defences a clear field. I stress this point, for there is a danger that what we have learnt in two vast campaigns may be forgotten in this new world, saturated as it is with antibiotics. Whatever changes there may be in antibacterial agents, one thing has never changed-nor ever will change-the reaction of tissues to missile injury. Severe wounds, whether gaping or penetrating, of the fleshy parts. should never be treated by primary suture, either in civilian or military practice, but by a two-stage operation: initial surgery followed in three to four or five days by delayed suture, there being no intervening dressing of the wound. I would particularly like to stress the importance of this.
The initial operation consists of widely opening the wound; excising dead and doubtful tissue; dividing deep fascia to release tension (unbridling or debridement); and leaving the wound gaping wide open, without any packing placed into it; and then putting the part at rest.
One word of surgery in the role of malefactor. There is a danger that late operations on healed wounds, even many years after the infliction, may activate tetanus-and it is, therefore, expedient to give A.T.S. as a preliminary to such operations.
Death in tetanus usually results from the consequences of muscle spasm-not from toxaemia or septicemia, and recovery is only probable in cases who have been immunized, and in whom, perhaps because of immunization, the incubation period is lengthy. Antitetanus serum, unfortunately, is of limited value in treatment, for it does not share the toxin's great affinity for nervous tissue. It must, therefore, be given in enormous doses intravenously. The patient must be flooded with it, in the hope that sheer numbers of units will compensate for this lack of specificity. Penicillin is not an antitoxin and is, therefore, powerless to produce any specific action upon the toxin. It should be used in full doses, however, in order (1) to reduce the liability to pneumonia, and (2) to take care of any "fellow travellers"-particularly the B. welchii and its associates.
Sir Claude Frankau: For the protection of the civilian population in England and Wales against tetanus following injury from bombing precise instructions were issued to the effect that every wounded person was to be given as soon as possible an initial dose of 3,000 international units of tetanus antitoxin to be followed by two further similar doses at seven-day intervals-in the event of a wound being septic these two further doses were to be increased two-or threefold.
Where these instructions were carried out to the letter as far as I know no case of tetanus occurred in air-raid casualties among civilians. I have full records of 7 cases that did occur-2 had had no antitoxin and 5 had had the initial dose only. Of these cases 4 died and 3 recovered (including 1 to whom no antitoxin had been given).
It is probable that a small additional number of cases were not reported owing to destruction of hospitals with their records, hurried evacuation of cases and the general turmoil of continuous bombing but I have no reason to believe that this number was anything but very small. (The total number of wounded civilians was approximately 218,000.) For British Service patients who had been injected with tetanus toxoid the instructions issued were that one dose of antitoxin should be given as soon as possible after wounding. In the case of Canadian and U.S.A. troops antitoxin was not to be given but a single boosting dose of 1 c.c. toxoid was to be used instead.
I have records of 6 cases of tetanus in Service cases wounded in Normandy. Of these, 3 had apparently had full immunization with toxoid, l had had no toxoid for two years and 2 had had no toxoid-these latter were Poles. Of these cases all recovered except 1 who was wounded in September 1944 and had not been immunized since November 1942: a single prophylactic dose of antitoxin was given on the day of wounding and tetanus was diagnosed on the ninth day, death occurring forty-eight hours later.
It is not possible to draw definite conclusions from so small a number of cases but it would appear to me that, inasmuch as it would not be possible to immunize the entire civilian population, the proper use of tetanus antitoxin is the preferable method in their case while in disciplined Service personnel the use of toxoid has many advantages.
Surgeon Captain S. G. Rainsford wondered whether it was advisable in view of the advent of such a weapon of warfare as the atomic bomb to propose at this time to abolish the use of antitoxin serum.
The new procedure proposed by the Army depended for its success on an adequate immunological response to a dose of toxoid. For this to happen it would be necessary to make sure that every man had already been rendered basically immune to tetanus toxin, a procedure which it would appear from recent experimental work was not quite as simple as we had imagined and which, to carry out satisfactorily, presented considerable administrative problems and difficulties.
He was surprised to hear Brigadier Boyd state that this secondary response to toxoid might be suppressed by shock and hemorrhage, since this was quite contrary to the findings of Sir Percival Hartley (1943, 1949) . Hartley found that cavies basically immune to diphtheria toxin responded to a stimulating dose of toxoid even when almost moribund. In spite of the findings of Hartley, however, recent work would seem to show that radiation, because of its more selective action on lymphoid tissues and the lymphocyte, might suppress this secondary immunological response. If this should prove to be the case a very serious state of affairs would arise in the treatment of wounded resulting from an atomic catastrophe if no antitoxic serum was available, for it would appear that the only method of preventing tetanus in a wounded man who in addition had been exposed to radiation would be to render him passively immune. REFERENCES HARTLEY, P., EVANS, D. G., and HARTLEY, 0. M. (1943) Lancet (i), 314. , and HARTLEY, 0. M. (1949) Lancet (ii), 1003. Mr. A. T. Glenny: Animal experiments have shown that there is a definite inverse correlation between the amount of toxin injected and the time elapsing before symptoms of tetanus appear. Brigadier Boyd's figures showed that the incubation period of cases of tetanus among immunized men was almost always less than ten days while that of many cases among those not immunized was longer. If these incubation periods are translated into amounts of tetanus toxin produced it would appear that most immunized men had sufficient circulating antitoxin to neutralize small amounts of toxin, but some had insufficient antitoxin to deal with larger amounts of toxin. This emphasizes the need for maintaining high antitoxic titres.
